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Abstract:-This paper represents the improvement in operational productivity of Excavation by using Griffi’s Waiting Line
Model which is one of the mathematical tool to improve the planning process in construction industry. The objective of this
paper is to do sizing and matching based on zero idle time for both prime mover as well as associated unit to obtain optimum
solution for particular operation. This research demonstrates the selective and timely use of established best practices,
schedule reduction techniques, and management techniques decreases project completion time, improves project
performance, and does not increase project cost.

A. ABOUT CONSTRUCTION INDUSTRY:
Construction is one of the largest industries
and contributes to about 10% of the gross national
product (GNP) in industrialized countries. Hence, the
performance of the construction industry has a
significant impact on national economies. The
construction
industry
lags
behind
other
manufacturing industries in project performance
control. There are both subjective and objective
reasons for this situation, a detailed discussion of
which exceeds the scope of the paper.
Today’s construction business relies on firstto-market product strategies to gain competitive
advantages and increase profit margins. This has
created an increased demand for a high performance
capital project delivery system that can achieve a
dramatic reduction in project cycle time. Very few
decision tools and guidelines exist to assist owners in
choosing appropriate delivery systems and project
strategies to radically reduce the project cycle time
from the preplanning stage through start up.
B. Objectives of study:
 To improve Operational Productivity.
 To do sizing and matching based on zero
idle time for both prime mover as well as
associated unit to obtain optimum solution
for the particular operation.
C. Methodology:
Methodology of this paper is to study and analysis of
data for excavation by Wheel Mounted Ripper by
using Griffi’s Waiting Line Model. The analysis done
for sizing and matching based on zero idle time for
both, the prime mover (excavator) as well as
associated unit (Dumper) to obtain the optimum
solution for that particular operation

I. INTRODUCTION
In Construction projects traditional control
methods are based on manual data collection, which
is slow and inaccurate —this is probably why many
construction managers perform generic and
infrequent control. If they want more accurate
control, project managers have to spend a
disproportionate amount of time collecting data,
causing them to be distracted from the more
important task of supervising the project, because,
current data collection methods are time consuming
and expensive. Many construction companies do not
collect extensive data and even less so in real-time.
Even recent developments in automated data
collection have not alleviated this situation—assert
that although construction measurement
and sensing technologies and project information
management software have advanced considerably in
the past 20 years, accurate and up-to-date knowledge
of the current status of a construction project remains
elusive. Because current data collection methods are
performed offline, they do not enable corrective measures to be
taken in time to mitigate the damage to the on-going
project. As a result, construction projects do not meet
their objectives—they are expensive and long. It is all
too often that owners and entrepreneurs (private and
public alike) encounter cost and schedule overruns.
Corrective measures can be effective
in the on-going project if they are taken in real-time
or shortly after the deviation occurs. Real-time
control of on-site construction based on high-quality
data is essential to

identify discrepancies between desired and actual
performances. Such control enables timely corrective
measures to be taken when needed and, consequently,
a reduction in damages caused by the discrepancies.
The longer it takes to identify discrepancies, the more
serious the potential damage is and the more complex
and costly the corrective measures will be.

II. DATA COLLECTION ON SITE:
Data is collected from the construction site of Castle
Royale Towers Aundh-Khadki road, Pune.Data is
collected for excavation by Wheel mounted ripper
and the details of the trucks carrying out muck
outside the area are as given below in table. The
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ground to be excavated was highly uneven and hence,
before any lawn to come up there, the prime
responsibility of project managers was to excavate
the ground and level it.

Average height of the Excavation = 1m (approx.)
Excavation observed of area = 40m X 15m
Some boulders were retained from the
excavated earth for some other civil work and also
pilferage of fine sand during excavation and loading
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lead to the variation in theoretical and practical
values.
It was observed that the ground was not
leveled exactly flat and this is also a reason for the
difference between expected and actual quantities.
On the 10th day, due to major breakdown for
the employed wheel mounted ripper, operation was
delayed which hampered productivity a great deal.
If excavation was continued in the same
manner and speed, with the ground conditions
remaining similar, time for excavation of the total
area can be calculated.
Based on conventional practice, for this
work, 3 dumpers were assigned for 1 JCB loader.
Hourly cost of loader = Rs 5300
Hourly cost of dumper = Rs 2200
Hence, using Griffi’s Line Model, it is
intended to find out the optimum number of dumpers
that should be assigned to the loader.
III. ANALYSIS OF DATA FOR EXCAVATION
BY WHEEL MOUNTED RIPPER:
With reference to the data collected, the time
required for excavating the whole plot, based on the
time required for part of the plot can be determined.
This in essence would help construction planners in
planning their further processes. Furthermore, Griffi’s
Waiting Line Model can be applied to find the
optimum number of associated units (dumpers) for
the prime mover ( Excavator ) for the observed data
set.
Analysis:
Total area excavated
= 3150 sq. m.
average height of excavation
= 1m (approx.)
Total excavation volume
= 3150 x 1
= 3150 cum
The excavation for the above mentioned strip took 12
days.
Total muck that was removed from site
= 184
brass
= 184 x 2.832
= 521.09 cum
Total earth quantity
= 40 x 15
= 600 cum
16 days were required for 600 cum, therefore how
many days were required for 3150 cum?
No. of days ( Expected ) for
total excavation

=( 3150 x16)/ 600
=84 working days
Hence, statistical tools can be used to find
out the expected time for the total work, based on
times observed for a part of the sample, providing
that the soil and weather conditions are more or less

uniform. Hence, they can be of great use in preparing
network diagrams.
IV. APPLICATION OF GRIFFI’S WAITING
LINE MODEL:
Griffi’s waiting line model,
=

)

Where,
λ – Represents mean arrival rate at any
particular associated unit.
µ - Represents mean servicing rate of prime
mover.
– Represents probability of ‘i’ units being
available in the system.
Po - Represents the probability of associated
units being not available in the
system.
n – Represents total no. of associated unit
with prime mover.
i – Represents no of associated unit in the
hourly production, including one
being
loaded.
In table 2 Calculation of Hourly production (Q) and
Total cost of the system (C*) for the total 5 no’s. of
associated units in the system. In this table we find
that, if we take ‘zero’ no. of associated unit (Dumper)
to prime mover (Excavator) ,then we get zero hourly
production, which can be calculated by Q = (1Po).µ.C
Where,
Q – Represents hourly production
C – Represents mail haul unit capacity,
which is 2.42 brass (calculated)
And the total cost of the system we get is Rs 5300/,which we get from the formula
C* =
+ n.
Where,
C* - Represents total cost of system.
– Represents hourly cost of prime mover
(Excavator).
– Represents hourly cost of associated
unit (Dumper).
i – Represents total no of associated unit.





Hourly cost of JCB (prime mover) CP
= Rs. 5300
Hourly cost of Dumper (associated unit) CA
= Rs. 2200
Average cycle time of Prime Mover
= 22445 / 76 = 295.33 sec, say 300 sec.
Average haul time of Associated unit
= 40587 / 76 = 534.04 sec, say 540 sec.

International Journal of Advanced Technology in Civil Engineering, ISSN: 2231 –5721, Volume-2, Issue-1
18

Use of Waiting Line Model In Construction



Main
haul
= 2.42 brass

unit

capacity,

C

= 2.42 x 2.832 cum = 6.85 cum, say 6.8 cum
3 Associated units assigned for 1 Prime
Mover.
From this available data, the mean Arrival rate
(λ) and mean servicing rate (µ) can be
determined.
λ = 3600 / 540 = 6.67
µ = 3600 / 300 = 12
Therefore, λ / µ = 6.67 / 12 = 0.56
Let pi represent the probability of ‘ i ’ units
being available in the system and
represents
the probability of the associated units being not
available In the system. Then, as per Griffi’s


Waiting Line Model, Pi

)

V. DISCUSSION:
From the above data collected, the total time
required by excavator for loading 76 dumper is 22445
seconds, hence average cycle time of prime mover
(excavator) is calculated as (22445/76) 295.33 sec,
say 300 sec. Total haul time of associated unit

(Dumper) is 40587 seconds for 76 dumpers, so the
average haul time of associated unit (Dumper) is
calculated as (40587/76) 540 sec. The mean arrival
rate at any particular associated unit (Dumper) ‘λ’
(for one hour) can be calculated by dividing average
haul time of associated unit i.e. by 540 sec
(3600/540) is 6.67. Mean servicing rate of Prime
mover (excavator) ‘µ’ (for one hour) can be
calculated by dividing it by average cycle time of
prime mover i.e. by 300 sec (3600/300) is 12.
VI. RESULTS:
In this way, one calculated Hourly production and
total cost of system for different no. of associated unit
to prime mover and the result we get are as follows.
For 1 no. of associated unit (Dumper) to 1 no. of
prime mover (Excavator) one get 21.42 cum hourly
production and total cost of system is Rs 7500/-.
For 2 no. of associated unit (Dumper) to 1 no. of
prime mover (Excavator) one get 26.17 cum hourly
production and total cost of system is Rs 9700/-.
For 3 no. of associated unit (Dumper) to 1 no. of
prime mover (Excavator) one get 27.62 cum hourly
production and total cost of system is Rs 11900/-.
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For 4 no. of associated unit (Dumper) to 1 no. of
prime mover (Excavator) one get 28.13 cum hourly
production and total cost of system is Rs 14100/-.
For 5 no. of associated unit (Dumper) to 1 no. of
prime mover (Excavator) one get 28.28 cum hourly
production and total cost of system is Rs 16300/-.
Hence from the above discussion and
obtained result, we find that 1 no. of associated unit
(Dumper) for 1 no. of prime mover (Excavator)
would be the most economical option as its cost is
minimum than the 2, 3, 4 and 5 no’s. of associated
units and its hourly production of 21.40 cum/hr. is
sufficient and well enough as per our data collected
on site. Hence, statistical method gives precise result
for the optimum combination of construction
equipment, to achieve minimum cost of production.

Hence for obtaining the precise result, it is
necessary to do time and motion study in each and
every major activity before starting the construction
process.
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VII. CONCLUSION:
The data collected and subsequent analysis
shows that, the contractor is not concerned too much
for enhancing operational productivity and the fact
that time motion study were not previously done by
them. The analysis done for sizing and matching
based on zero idle time for both, the prime mover
(excavator) as well as associated unit (Dumper) to
obtain the optimum solution for that particular
operation i.e. 1 associated unit for 1 prime mover is
the best possible and less cost than 3 associated unit
(Dumper) for 1 prime mover (Excavator) used on
site. Hence, such statistical model tells us where can
we go wrong, if we just blindly follow traditional
methods.
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